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F1F1 Tl OF T« F INVENTION 

This invention is directed towards fabrication of integrated circuits, and 
particularly toward a method and apparatus for performing nickel salicidation. 

o > nrennnnn OF TW? INVENTION 
5 Resistance of interconnect lines (such as source/drain interconnect lines) plays a 

significant ro.e in controlling the speed of ultra large-scale integration (ULS1) devices. A 
self-aligned silicide process (typically referred to as a salicide process) is often used ,0 
reduce the resistance of interconnect lines. A salicide process employs metal layer 
deposition and subsequent annealing to cause a reaction between the metal and 
10 underlying silicon. This reaction consumes the me*l and some of the silicon, forming a 
low resistivity metal silicide layer in their place. 

Nickel is an attractive candidate for use in a salicide process. Nickel can react 
with silicon to form low resistivity nickel mono-siUcide as the salicidation product. 
Nickel mono-silicide can be formed during a one-step, low-temperature annealing 
15 process. Nickel mono-silicide has low silicon consumption during salicidation. In 
addition, nickel mono-silicide sheet resistance does not depend upon device linewidth. 
Thus, a well-controlled nickel salicide process could be used to form low resistivity gate 
electrodes and source/drain contacts in an integrated circuit device. 

One prior art nickel silicidation process is described by S. R. Das et al., Ma, Re, 
20 Soc. Symp. Proc., 427, 541 (1996). This process comprises depositing nickel onto 
polycrystaUine silicon (poly-silicon), and subsequently annealing the sample. During 
annealing, nickel reacts with silicon to form nickel silicide. However, the reaction 
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pro auc, is no, a uniform thin nicke, silicide film on the surface of .he poly-silicon layer. 
Nickel enhances poly-sihcon grain growth near the surface of the po.y-silicon ,ayer. 
Rapid poiy-silicon grain grow* causes layer inversion, wherein some poly-si.icon grows 
on top of the nicke. suicide layer. The resuMng nicke, si.icide iayer is not uniform and 
flat. 

A second prior ar, nicke, si.icidation process is described by S. Nygren e, al., 
Appl. Surf. Sci., 53, 57 (1990). This process comprises depositing nickel on single 
crystal silicon, and subsequently annealing the sample. During annealing, nicke, reacts 
with silicon to form nickel suicide. However, the thin nicke, si.icide Mm agg.omerates 
during the annealing process, forming a discontinuous island structure on the surface of 
the silicon substrate. Some nicke. mono-si,icide also transforms to higher resistivity 
nickel di-silicide. 

A third prior ar, process is described by W. T. Sun et a.., BEE Trans. E.ec. Dev., 
45 9 (1998). This process comprises: (1) imputing poly-silicon with nitrogen ions; (2) 
depositing coba,t on poiy-siiicon; and (3) annexing the samp.e twice. During annealing, 
coba,. reacts with silicon to form cobalt si.icide. Nitrogen ion implantation inhibits 
a g g ,„mera,ion and inhibits transformation from cobah mono-si.icide to ,ower resistivity 
cobalt di-silicide. Unfortunately, this process also increases cobalt di-silicide resistivity 

and require s a two step annealing process- 

"o'urth prior art pLss is described by L. W. Cheng et a.., Thin Solid Films, 
A\ 355-356, 4,2 (.999). ,n thislcess, a single crystal silicon substrate is implanted with 
' nitrogen ions prior to doping to^to* *™ " 
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dopilhe source/drain junction, depositing nickel onto siUcon, and sealing the sample 
are thirformed. Nitrogen ion implantation is found to slow down dopant diffusion 
and de.ay\sforma.ion from nickel mono-silicide to nickel di-silicide during the high 
,empera«ure\a.ing. This process controls dopant transport in shallow source/drain 
5 junctions in siliccV does no. improve silicidation of nickel on poly-silicon device 
structures such as gates\rt hermore, source/drain dopants (particularly Boron) were 
noorl v activated. 



Nitrogen has also been used to improve nickel silicidation, in a fifth prior art 
process described by T. Ohguro e. a.., IEDM, 453 (1995). This process comprises 
10 sputter-depositing nickel onto a single crystal silicon substrate, using a nitrogen 

containing sputter gas, and men annealing the sample a, « During annealing, nickel 
reacts with silicon to form nickel mono-silicide. This process forms a uniform nickel 
mono-silicide thin-film on the surface of the single crysttl silicon substrate, without 
agglomeration. However, this process is difficult to control due to complications, such as 
15 non-uniform nitrogen gas pressure within a sputter chamber. This process a.so does no, 
incorporate nitrogen into the si.icon to prevent grain growth in poly-silicon containing 
substrates. 

The prior art processes do not provide a well-controlled way to form a uniform 
thin nickel mono-silicide film on top of single crystal and polycrvstalline silicon. In 
20 addition, these processes are difficult to integrate into a nickel sa.icidation process for 
high density integrated circuit devices. 
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There is therefore a need in ,he art for a nickel sahcide process that forms a 
uniform nickel mono-siiicide thin-film on single crystal and polycrystalline siHcon 
layers, .deaiiy, this method should (!) form nickel mono-si,icide under a broad 
rang e of anneaiing temperas; (2) form nickel mono-silicide without farther 
^formation to hi^er resistivity nickel di-siiicide; (3) restrict grain growth m nrcke, 
mono-siiicide to prevent thin-ftlm agglomeration; and (4) restrict silicide enhanced gram 
g^hinpoly-siUconto prevent iayer tnversio. This method shouid aiso he compatiHe 
with standard processing of source/drain contacts, gate electrodes, and interconnects m 
high density integrated circuit devices. 
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Some embodiments of me invention utilize a nickel saiieide process that forms 
low resistivity gate electrodes and — n contacts. These em— incorporate 
nitrog en into the silicon substrate prior to the nickel deposition. The incorporated 
5 nitrogen improves uniformity and continuity of thin nickel mono-siiicide films tha, are 
formed on singie crystal and polycrystalline silicon. This nickel saUcide process 
minimizes changes to standard CMOS salicide processes so as to opttmtze 
manufacturability and minimize additiona. cos, during fabrtcation of a wide range of 
integrated circuit devices. 

,„ these embodiments, a series of integrated circuit fabrication procedures is 

, 5 dte.ectric material and a polyene silicon gate matenal onto the silicon substra e and 

actively etching ,„ form dielectric spacers. These embodiments then incorporate 
nitrogen into the processed substrate. Some of the embodiments incorporate thetutrogen 
by ion implantation. 

After the incorporation of the nitrogen, these embodiments anneal .be processed 
S ubs,ra,e,„reduceimp.an.tiondefec B . Nickel is then deposited on the processed 
subs ,ra,e and subsequently amtealed. During sample amtealing, nickel rea«s wrtn sthcon 
t0 form nickel mono-silicide. in some embodiments, a series of integrated circutt 
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febri ca,ion procedures is then performed, ro finish the integrated circuit dev.ce 
« materia, onto the processed substrate and se.ectivety etching p— *e 

etching to form metal lines. 
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BRIEF 

x ta ^~-^ rfte ^ tew,ta,,,i,lhe ' W ™ ,, " 

one sRilled in the art, in view of the flowing detaiied description in whtch: 

contacts. 

nf Figure 2a after nitrogen has been 
Figures 2b illustrates the cross-section of Figure 

incorporated into the substrate. 

p^^cUius^esthecross-seCionofF^reabafter nickel hasoeen 

deposited onto the substrate. 

Fig „ reJ diUus M ,e S .nec I „s,sectionofF ig n r e2ca«e r n i c k e 1 rnono-siiic.de 

1 5 has been formed on the silicon. 

Figur es 2e Uiustrates Ore cross-section of Figure 2d after ni*e. has been 

removed from the substrate. 

„f Fioiire 2e after dielectric isolation 
Figures 2f illustrates the cross-secuon of Figure 
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regions 



an „ a me*, lines have been formed on the processed substrate. 
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rrT ■ ,. m ^rB,PT.ON OF THF INVENTION 

This invention is directed towards a method and apparatus for performing nickel 
saUcidatio, In the following description, fo, purposes of emanation, specific 
nomenclature is se, forth, o provide a, horoughnnders.nding of the present invention. 

required in order to practice the present invention. 

Some embodiments of the invention use a nicke. saiicide process tha, forms 
..iform.thinnickelmono.silicidef.imsonsilicon.Someemhodimentsof the nickel 

Reprocess tmpian, nitrogen ions into silicon pnor ,0 nicke. me., deposition and 

source/drain contacts. 

Figur , 1 illustrates a flowchart of a process 100 used bv some embodiments of 
, h e invention. This process .00 forms nicke, mono-silicide on poly-silicon gate 
15 ^cturesandonsiiiconsource/drainstructure, As shown in Figure 1, the process 100 
a) pe rf „rms(a«nO)aseries„fstanda I din,eg ra ,edcircui,fab ri ca,ionprocedurestofor m 

ga te and source/drain structures; (2, incorporates (a, 120) nitrogen into the silicon; (3, 
annealsCat^O-besiliconsubstiateto reduce defectsand drive nitrogen into the sthcon 
s „bstra,e;C4)deposi, ( atl40)nicke,me.,o„,o ra e silicon subst.e; (5) anneais (a. 150) 

forms nicke, mono-silicide; (6) removes (a, 160) unreacted nicke, me,,; and ( 7) performs 
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(at m standard integrated circuit fabrication procedures to finish the integrated circuit 

device processing. 

Each of the operations of process 100 wi„ now be further described by reference 
,„ Figures Irff. Figure 2a iUustrates a cross-section of an integrated circuit device 2,0 

indudes: (1) a si.icon substrate Ml; (2) substrate dieiectric regions 212; (3) silicon 
source/drain structures 214; (4) a gate die.ectric layer 216; (5) a po.ycrystalline si.icon 
gate structure 218; and (6) dielectric spacers 219. 

,„ some embodiments, the process 100 forms (at 110, integrated circuit device 

circuit fabrication procedures. For instance, substrate dielectric regions 212 of the 

process, such as shallow trench isolation, LOCOS isolation or PBLOCOS isolation. The 
substrate dielectric regions 212 electrically isolate device components within the silicon 
, 5 substrate 211, (e.g., *ey isolate the source and drain structures from neighboring 

integrated circuit devices). 

The device's source/drain structures 214 can be formed by n-type or p-type doping 

2 „ by blanRe, deposiUon of each materia, onto the si.icon substrate 211, folded by 

se.ec.ive etching. Gate dieiectric ,ayer 2.6 is„,a,es po.y-si.icon gate structure 218 from 
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m a,erial onto the silicon substrate 211, followed by seated etching. These die,ec.ric 
spacers 219 isolate the gate structure 2.8 from the source/drain structures 214 and 

subsequent metallization. 

Figure 2b illustta.es nitrogen 222 that the process 100 incorporates (a. 120) on 
5 the top of the integrated circuit device 2.0. In some embodiments, this nitrogen 222 is 
incorporated by imp.an.ing nitrogen ions into regions of the in.egra.ed circui. device 2.0 
(« g source/drain structures 214 and the gate struCure 218). In some embodiments, 
imp,an.ing nittogen ions comprises bianke, N 2 * ion implantation, with a dosage between 
2- 10' W and 2'10' W. and an ion energy between 15 keV and 50 keV. This 
,0 provides an implanted region ~!00-300A thick, as shown schematically by the dark 

dashed line region 222. In other embodiments, implanted nitrogen ions may have another 
structure (such as N + ), or may be implanted only into selected regions of the integrated 
circui, device 210. Mtrogen ion implanted region 222 is normally much shallower than 

->ia< inmthicklorthe substrate dielectric 212 (>lum 
the doped source/drain structures 214 (~lum tnicig 

, • +oA iw r,thpr means such as diffusion doping or 

15 thick). Nitrogen may also be incorporated by other means sucn 

deposition of material in a nitrogen containing atmosphere. 

When ion implantation is used to incorporate nitrogen into the integrated circuit 
device 210, it may be advantageous to anneal (at 130) the integrated circuit device 210, to 
re move defects caused by the ion implantation. In some embodiments, rapid thermal 
20 processing at a temperature between 800°C and 1 000°C, for a duration of between 30 
seconds and 60 seconds, removes implantation defects with very little "drive-in 
diffusion" of nitrogen. 
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Figure 2c illustra.es a niekel metal layer 242 that the process 100 deposits (a. 
,40) on top of the integrated circuit device 210. In some embodiments the nickel meta. 
iayer 242 is formed by first applying a dilute hydrogen fluoride solution to the integrated 
circuit device 210, for cleaning and removal of surface oxide and water. Then, 100-300A 
of nickel is sputter deposited onto the integrated circuit device 210, to provide a nickel 
metal layer 242 appropriate for nickel salicidation. 

Figure 2d illustrates nickel mono-silicide layers (252 and 254) mat the process 
100 forms (at 150) on top of me integrated circuit device 210. In some embodiments, the 
nickel mono-silicide layers 252 are formed by a nickel salicidation reaction at the 
interface between the silicon source/drain structures 214 and me nickel metal regions 242 
(shown in Figure 2c). This salicidation reaction consumes selected nickel metal regions 
242 and part of lb. silicon source/drain structures 214, and forms nickel mono-silicide 
layers 252 on top of the silicon source/drain structures 214. In some embodiments, the 
salicidation reaction is driven by one-step rapid thermal processing at a temperature 

between 400°C and 800°C. 

A nickel mono-silicide region 254 is similarly formed a. the interface between the 
pokycrystalline silicon gate structure 218 and the nickel metal region 242 (shown in 
Figure 2c). The salicidation reaction consumes the selected nickel metal region 242 and 
par, of the silicon gate structure 218. This reaction forms a nickel mono-silicide layer 
254 on top of the silicon gate structure 218. 

The reaction to form the nickel mono-silicide layers (252 and 254) occurs in the 
silicon, forming a nickel mono-silicide layer having -2.2 times the initial -100-300A 
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nicke, metal lay,, thickness (i.,, -220-660A thick). No reaction occurs a, the interface 
between the nicke, metal 242 and the oieiectric materia, (e.g., 212 and 219), so some 
nickel metal 242 is still present in Figure 2d. 

Figure 2e illustrates isolated source/drain contacts 262 and an isolated gate 
5 electrode 264 tha, the process 100 forms (at .60) on top of the integrated circuit device 
2,0. in some embodiments, the source/drain contacts 2*2 and the gate dectrode 264 are 
eiecrically isolated by removing the unreacted nickel - 242 (shown in Figure 2d). 
Nickel metal removal can be performed using a combination of etchants selected from 
reagents induding smfuric acid, hydrogen peroxide, nitric acid, hydrocMoric acid and 
10 water. A solution of suite acid, hydrogen peroxide and water; nitric acid and 

hydrochloric acid; or hydrochloric acid, hydrogen peroxide and water is typically used. 

After 160, the top surface of the integrated circuit device 210 includes low 
resistivity source/drain contact 262, which comprises source/drain structure 214 and 
nickel mono-silicide region 252. The top surface of the integrated circuit device 210 also 
15 includes low resistivity gate contact 264, which comprises poly-silicon gate structure 218 
and nickel mono-silicide region 254. TTtese structures are isolated from each other by 
regions of dielectric material 212, 216 and 219. 

Figure 2f illustrates dielectric isolation regions 272 and metallization lines 274 
ft* process 100 forms (a. 170) on top of the integrated circuit device 210. In some 
20 embodiments, dielectric isolation regions 2,2 are formed by depositing the dielectric 
materia, BPSG onto the integrated circuit device 210, planarizing the device 2,0, and 
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selectively etching regions of the BPSG. Then, metallization lines 274 are formed by 
depositing and selectively etching a metal such as aluminum or copper. Dielectric 
isolation regions 272 complete the electrical isolation of gate electrode 264 from outer 
conducting materials. Metallization lines 274 electrically connect contacts such as 
5 source/drain contacts 262 of the integrated circuit device 2» to other integrated circuit 
devices. 

The disclosed method and apparatus for nickel salicidation have several 
advantage, Firs,, mis nickel salicide process resists agglomeration during annealing by 
incorporating nitrogen into the nickel mono-silicide. Nitrogen incorporated into the 
10 nickel mono-silicide reduces nickel mono-silicide grain growth during substrate 
annealing, which makes agglomeration more difficult. This process also reduces 
agglomeration by incorporating nitrogen at the interfaces between nickel mono-silicide 
and poly-silicon, and between nickel mono-silicide and nickel. Nitrogen alters the 
interface energies and stabilizes the thin-film structure. 

Second, this nickel salicide process resists inversion of the nickel mono-silicide 
and poly-silicon layers. Layer inversion is prevented by incorporating nitrogen into the 
poly-sihcon. Nitrogen incorporated into the poly-sihcon reduces nickel-enhanced poly- 
silicon grain growth a, the interface between nickel and poly-silicon. Thus, poly-silicon 
grain growth does no. penetrate through the nickel layer to cause layer inversion (e.g., 
20 layer inversion of poly-silicon gate structure 218 and gate nickel mono-silicide region 254 
shown in Figure 2f). 
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Third, this nickel salicide process resists transformation from nickel mono-silicide 
to higher resistivity nickel di-silicide during substrate annealing. Transformation to 
nickel di-silicide is reduced by incorporating nitrogen into the nickel mono-silicide thin- 
film during salicidation. Nitrogen incorporated into the nickel mono-silicide inhibits 
formation of nickel di-silicide from nickel mono-silicide, so that a pure nickel mono- 
silicide phase is maintained at higher substrate annealing temperatures. 



In addition, this nickel salicide process is compatible with relatively low 
temperature integrated circuit fabrication processes and minimizes changes to standard 
salicide processes. This optimizes manufacturability and minimizes additional cost. 
1 0 Hence, embodiments of this invention can be used to fabricate integrated circuit devices 
that have low resistivity source/drain contacts and gate electrodes. 

The foregoing has described a new method and apparatus for performing nickel 
salicidation. While the invention has been described by reference to numerous specific 
details, one of ordinary skill in the art will recognize that the invention can be embodied 
1 5 in other specific forms without departing from the spirit of the invention. For instance, 
the embodiments described above perform nickel salicidation on source/drain and gate 
transistor devices. Other embodiments of the invention perform nickel salicidation on 
different transistor devices. Thus, one of ordinary skill in the art would understand that 
the invention is not to be limited by the foregoing illustrative details, but rather is to be 
20 defined by the appended claims. 
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